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(67)  The present disclosure relates to a display de-
vice and a timing controller. The display device includes
a panel on which a number of subpixels are disposed
and a characteristic sensing circuit sensing characteristic
values of the number of subpixels. When a difference
between the characteristic value of a specific subpixel
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among the number of subpixels and a reference value
exceeds a predetermined range, the characteristic sens-
ing circuit generates coordinate data of the specific sub-
pixel. The display device includes a host controller rec-
ognizing a user manipulation based on the coordinate
data.
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Description
BACKGROUND
Field of the Disclosure

[0001] The present disclosure relates to a display de-
vice, and more particularly, to a display device and a
timing controller. Although the present disclosure is suit-
able for a wide scope of applications, it is particularly
suitable for detecting a user touch interaction without us-
ing a touch panel in the display device.

Description of the Background

[0002] Inresponse to the development of the informa-
tion society, a demand for a variety of display devices for
displaying images is increasing. In this regard, a range
of display devices, such as liquid crystal display (LCD)
devices, plasma display panels (PDPs), and organic
light-emitting display devices, have recently come into
widespread use.

[0003] A display device commonly includes a display
panel and a support structure supporting the display pan-
el.

[0004] In general, the support structure supports the
display panel while surrounding the rear surface and the
side surfaces of the display panel. Recently, the thick-
ness of the area of the support structure located at the
edges of the display panel has been gradually de-
creased. The area of the support structure located at the
edges of the display panel is also referred to as a border
area, a bezel area, a non-display area, or the like. This
area has been gradually decreasing.

[0005] In conventional display devices, user control
buttons are disposed in such areas located at the edges
of display panels. For example, a power button, achannel
button (or home button), a volume button, and so on are
disposed in such areas.

[0006] Recently, it has become more difficult to dis-
pose such user control buttons in such areas, since the
size of this area has been gradually decreasing.

[0007] When such a display device includes a touch
panel, the display device can sense a user manipulation
(e.g.ausertouchinteraction) using the touch panel. How-
ever, due to decreases in the side area as described
above, it is more difficult to dispose user control buttons
ondisplay devices that are not provided with touch panels
in consideration of cost.

BRIEF SUMMARY

[0008] Accordingly, the present disclosure is directed
to a display device and a timing controller that substan-
tially obviate one or more problems due to limitations and
disadvantages of the prior art.

[0009] Additional features and advantages of the dis-
closure will be set forth in the description which follows
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and in part will be apparent from the description, or may
be learned by practice of the disclosure. The objectives
and other advantages of the disclosure will be realized
and attained by the structure particularly pointed out in
the written description and claims hereof as well as the
appended drawings.

[0010] Various aspects of the present disclosure pro-
vide a technology able to detect a user manipulation (e.
g. auser touch interaction) in place of using a user control
button physically disposed on a display device. Also pro-
vided is a technology able to detect a touch made by a
user to a display panel without including a touch panel.
Also provided is a technology able to recognize a touch
made by a user to a display panel as a user manipulation.
[0011] According to an aspect of the present disclo-
sure, a display device may include: a panel on which a
number of subpixels are disposed; a characteristic sens-
ing circuit sensing characteristic values of the number of
subpixels, and when a difference between the charac-
teristic value of a specific subpixel among the number of
subpixels and a reference value exceeds a predeter-
mined range, generating coordinate data of the specific
subpixel; and a host controller recognizing a user manip-
ulation based on the coordinate data.

[0012] According to another aspect of the present dis-
closure, a display device may include a panel, a data
driver circuit, a timing controller, and a host controller. In
the display device, a number of subpixels, a number of
data lines, and a number of sensing lines are disposed
on the panel. The data driver circuit supplies data volt-
ages to the number of subpixels through the number of
data lines and receiving characteristic sensing signals
from the number of subpixels through the number of
sensing lines. In addition, the timing controller controls
the data driver circuit using timing signals. The timing
controller compares characteristic values of the number
of subpixels corresponding to the characteristic sensing
signals with a predetermined reference value, and when
adifference between the characteristic value of a specific
subpixel among the number of subpixels and a reference
value exceeds a predetermined range, generates coor-
dinate data for the specific subpixel. In addition, the host
controller recognizes a user manipulation based on the
coordinate data.

[0013] According to a further aspect of the present dis-
closure, a timing controller may include a driver control-
ler, a coordinate data generator, and a communications
circuit. In the timing controller, the driver controller con-
trols a data driver circuit by transmitting timing signals to
the data driver circuit. The data driver circuit supplies
data voltages to a number of subpixels through a number
of data lines and receives characteristic sensing signals
from the number of subpixels through a number of sens-
ing lines. The coordinate data generator compares char-
acteristic values of the number of subpixels correspond-
ing to the characteristic sensing signals with a predeter-
mined reference value, and when a difference between
the characteristic value of a specific subpixel among the
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number of subpixels and the reference value exceeds a
predetermined range, generates coordinate data for the
specific subpixel. The communications circuit receives
the characteristic sensing signals from the data driver
circuit and transmits the coordinate data to a host con-
troller circuit.

[0014] According to one embodiment, a display device
comprises a panel on which a plurality of subpixels are
disposed; a characteristic sensing circuit sensing a char-
acteristic value of the plurality of subpixels, and when a
difference between the characteristic value of a specific
subpixel among the plurality of subpixels and a reference
value exceeds a predetermined range, generating coor-
dinate data of the specific subpixel; and a host controller
recognizing a user manipulation based on the coordinate
data. The display device may further comprise a data
driver circuit supplying data voltages to the plurality of
subpixels, wherein the data voltages compensate for
amounts of change or differences in the characteristic
values. Each of the plurality of subpixels may comprise
an organic light-emitting diode; a driving transistor driving
the organic light-emitting diode; a switching transistor
supplying a data voltage to a gate node of the driving
transistor; and a storage capacitor connected between
a source node or a drain node of the driving transistor
and a gate node of the driving transistor, wherein the
characteristic sensing circuit senses the characteristic
value using voltages or currents generated on the source
node or the drain node of the driving transistor of the
plurality of subpixels. The characteristic value may cor-
respond to mobility of the driving transistor. The charac-
teristic sensing circuit may sense the characteristic val-
ues of the specific subpixel randomly selected from the
plurality of subpixels in every frame. The characteristic
sensing circuit may sense the characteristic value in a
blank section of the every frame. The host controller may
recognize the user manipulation based on the coordinate
data only within a period of time in which an object has
been detected to be adjacent by a proximity sensor. The
display device may further comprise a data driver circuit
supplying data voltages converted from image data to
the plurality of subpixels. The data driver circuit may re-
ceives the image data including a guiding image from the
host controller when a proximity sensor detects an object
to be adjacent. The guiding image may include a manip-
ulation area image. The host controller may recognize
the user manipulation only for the coordinate data in an
area corresponding to the manipulation area image. The
host controller may recognize the user manipulation only
for the coordinate datain a predetermined area. The host
controller may execute a predetermined function based
on coordinate values included in the coordinate data.
[0015] Accordingtoanotherembodiment, adisplay de-
vice comprises a panel on which a plurality of subpixels,
a plurality of data lines, and a plurality of sensing lines
are disposed; adata driver circuit supplying data voltages
to the plurality of subpixels through the plurality of data
lines and receiving characteristic sensing signals from
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the plurality of subpixels through the plurality of sensing
lines; a timing controller controlling the data driver circuit
using timing signals, wherein the timing controller com-
pares a characteristic value of the plurality of subpixels
corresponding to the characteristic sensing signals with
a predetermined reference value, and when a difference
between the characteristic value of a specific subpixel
among the plurality of subpixels and a reference value
exceeds a predetermined range, generates coordinate
data for the specific subpixel; and a host controller rec-
ognizing a user manipulation based on the coordinate
data. Each of the plurality of subpixels may comprise an
organic light-emitting diode; a driving transistor driving
the organic light-emitting diode; a switching transistor
supplying a data voltage to a gate node of the driving
transistor; and a storage capacitor connected between
a source node or a drain node of the driving transistor
and a gate node of the driving transistor, wherein the
characteristic sensing signals are voltages or currents
generated on the source nodes or the drain nodes of the
driving transistors of the plurality of subpixels. The timing
controller may receive a set value as a user set value,
the set value being in the predetermined range.

[0016] According to another embodiment, a timing
controller comprises a driver controller controlling a data
driver circuit by transmitting timing signals to the data
driver circuit, wherein the data driver circuit supplies data
voltages to a plurality of subpixels through a plurality of
data lines and receives characteristic sensing signals
from the plurality of subpixels through a number of sens-
ing lines; a coordinate data generator comparing char-
acteristic values of the plurality of subpixels correspond-
ing to the characteristic sensing signals with a predeter-
mined reference value, and when a difference between
the characteristic value of a specific subpixel among the
plurality of subpixels and the reference value exceeds a
predetermined range, generating coordinate data for the
specific subpixel; and a communications circuit receiving
the characteristic sensing signals from the data driver
circuit and transmitting the coordinate data to a host con-
troller circuit. The host controller circuit may recognize a
use manipulation based on the coordinate data. The host
controller circuit may recognize the user manipulation
only when a proximity sensor detects an object to be
adjacent.

[0017] According to the present disclosure as set forth
above, it is possible to detect a user manipulation using
a touch made by a user to a display panel in place of
using a user control button physically disposed on a dis-
play device. In addition, according to the present disclo-
sure, it is possible to detect a touch made by a user to a
display panel without including a touch panel.

[0018] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the disclosure as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other objects, features and ad-
vantages of the present disclosure will be more clearly
understood from the following detailed description when
taken in conjunction with the accompanying drawings, in
which:

FIG. 1 is a configuration view illustrating a display
device according to an aspect of the present disclo-
sure;

FIG. 2 is a circuit diagram illustrating an internal
structure of each of the subpixels illustrated in FIG. 1;
FIG. 3A and FIG. 3B are a circuit diagram and a
graph illustrating a characteristic sensing circuit
sensing the mobility of the driving transistor using a
source node voltage of the driving transistor;

FIG. 4 is a schematic view illustrating amounts of
change in the characteristics of subpixels in re-
sponse to a touch made by a user;

FIG. 5is aflowchartillustrating an exemplary method
of detecting a user manipulation by sensing charac-
teristic values of subpixels;

FIG. 6 is a schematic view illustrating a display driv-
ing section and a blank section of a frame;

FIG. 7 is a schematic view illustrating the character-
istic sensing circuit sensing the characteristic values
of specific subpixels selected from the number of
subpixels;

FIG. 8is a schematic view illustrating a guidingimage
displayed on the panel;

FIG. 9is aflowchartillustrating an exemplary method
of recognizing a user manipulation in concert with
the proximity sensor;

FIG. 10 is a configuration view illustrating a display
device according to another aspect of the present
disclosure; and

FIG. 11 is a detailed configuration view illustrating
the timing controller illustrated in FIG. 10.

DETAILED DESCRIPTION

[0020] Hereinafter, reference will be made to aspects
of the present disclosure in detail, examples of which are
illustrated in the accompanying drawings. Throughout
this document, reference should be made to the draw-
ings, in which the same reference numerals and symbols
will be used to designate the same or like components.
In the following description of the present disclosure, de-
tailed descriptions of known functions and components
incorporated herein will be omitted in the case that the
subject matter of the present disclosure may be rendered
unclear thereby.

[0021] It will also be understood that, while terms such
as "first," "second," "A," "B," "(a)," and "(b)" may be used
herein to describe various elements, such terms are only
used to distinguish one element from another element.
The substance, sequence, order or number of these el-
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ements is not limited by these terms. It will be understood
that when an element is referred to as being "connected
to" or "coupled to" another element, not only can it be
"directly connected or coupled to" the other element, but
it can also be "indirectly connected or coupled to" the
other element via an "intervening" element. In the same
context, it will be understood that when an element is
referred to as being formed "on" or "under" another ele-
ment, not only can it be directly formed on or under an-
other element, but it can also be indirectly formed on or
under another element via an intervening element.
[0022] FIG. 1 is a configuration view illustrating a dis-
play device according to an aspect of the present disclo-
sure.

[0023] Referring to FIG. 1, a display device 100 in-
cludes a panel 110, a gate driver circuit 120, a data driver
circuit 130, a characteristic sensing unit or characteristic
sensing circuit 140, and a host controller 150.

[0024] A plurality of data lines DL, a plurality of gate
lines GL, and a plurality of sensing lines SL are disposed
on the panel 110, defining a plurality of subpixels SP on
the panel 110.

[0025] The gate driver circuit 120 can supply scanning
signals of turn-on or turn-off voltages to the gate lines
GL. When the scanning signals of turn-on voltages are
supplied to the subpixels SP, the subpixels SP are con-
nected to the corresponding data lines DL. When the
scanning signals of turn-off voltages are supplied to the
subpixels SP, the subpixels SP are disconnected from
the data lines DL.

[0026] The data driver circuit 130 supplies data volt-
ages to the data lines DL. The data voltages supplied to
the data lines DL are supplied to the subpixels SP con-
nected to the data lines DL, in response to scanning sig-
nals.

[0027] The host controller 150 generates image data,
and the data driver circuit 130 receives the image data
and converts the image data into data voltages. In addi-
tion, the data driver circuit 130 supplies the converted
data voltages to the data lines DL.

[0028] The characteristic sensing circuit 140 senses
characteristic values or amounts of change in character-
istics regarding the subpixels SP based on characteristic
sensing signals received from the sensing lines SL.
[0029] In addition, the characteristic sensing circuit
140 generates coordinate data for subpixels, a difference
between the characteristic values of which and a refer-
ence value exceeds a predetermined range, and trans-
mits the coordinate data to the host controller 150.
[0030] The host controller 150 generates image data
and controls the display device 100 in response to a user
manipulation (e.g. a user touch interaction).

[0031] The host controller 150 uses coordinate data
received from the characteristic sensing circuit 140 to
detect the user manipulation.

[0032] The coordinate dataincludes coordinate values
corresponding to a portion on the panel 110 touched by
the user. The host controller 150 detects the user ma-
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nipulation by recognizing the portion on the panel 110
touched by the user based on the coordinate values.
[0033] FIG. 2is acircuitdiagram illustrating an internal
structure of each of the subpixels illustrated in FIG. 1.
[0034] Referringto FIG. 2, the subpixel SP includes an
organic light-emitting diode (OLED), a driving transistor
DRT driving the OLED, a switching transistor SWT de-
livering a data voltage to a second node N2 correspond-
ing to the gate node of the driving transistor DRT, and a
storage capacitor Cstg maintaining the data voltage for
a period of a single frame.

[0035] The OLED includes afirst electrode (e.g. an an-
ode or a cathode), an organic layer, a second electrode
(e.g. a cathode or an anode), or the like.

[0036] The driving transistor DRT drives the OLED by
supplying a driving current thereto.

[0037] A first node N1 of the driving transistor DRT is
electrically connected to the first electrode of the OLED,
and may be a source node or a drain node. A second
node N2 of the driving transistor DRT is electrically con-
nected to a source node or a drain node of the switching
transistor SWT, and may be a gate node of the driving
transistor DRT. A third node N3 of the driving transistor
DRT is electrically connected to a driving voltage line
DVL through which a driving voltage EVDD is supplied,
and may be a drain node or a source node.

[0038] As illustrated in FIG. 2, the driving transistor
DRT and the switching transistor SWT may be n-type
transistors or p-type transistors.

[0039] The switching transistor SWT is electrically con-
nected between a data line DL and the second node N2
of the driving transistor DRT, and is controlled by a scan-
ning signal SCAN applied thereto through a gate line.
[0040] The switching transistor SWT is turned-on by
the scanning signal SCAN to deliver a data voltage Vdata,
supplied through the data line DL, to the second node
N2 of the driving transistor DRT.

[0041] The storage capacitor Cstg is electrically con-
nected between the first node N1 and the second node
N2 of the driving transistor DRT.

[0042] The storage capacitor Cstg may be an internal
capacitor formed between the first node N1 and the sec-
ond node N2 of the driving transistor DRT, i.e. a parasitic
capacitor (e.g. Cgs or Cgd), or an external capacitor in-
tentionally designed to be disposed outside of the driving
transistor DRT.

[0043] Inthedisplaydevice 100, circuit elements, such
as the OLED and the driving transistor DRT, may be de-
graded along with the lapse of driving time.

[0044] Thus, unique characteristic values (e.g. a
threshold voltage or mobility) of the circuit elements, such
as the OLED and driving transistor DRT, may change.
Such changes in the characteristic values of the circuit
elements may change the luminance of the correspond-
ing subpixel SP. In addition, the degrees of change in
the characteristic values of the circuit elements may differ
depending on the degrees of degradation of the circuit
elements.
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[0045] Herein, the characteristic values of the circuit
elements (hereinafter referred to as "subpixel character-
istic values") may include, for example, the threshold volt-
age and mobility of the driving transistor DRT, orin some
cases, may include the threshold voltage of the OLED.
[0046] The display device 100 has a sensing function
to sense characteristic values or amounts of change in
the characteristics of the subpixels SP and a compensa-
tion function to compensate for changes in luminance of
the subpixels SP and differences in luminance among
the subpixels SP using the result of sensing.

[0047] To compensate for the characteristic values or
amounts of change in the characteristics of the subpixels
SP, the display device 100 includes a subpixel structure
suitable for the compensation and a compensation circuit
including sensing and compensation components.
[0048] Referring to FIG. 2, each of the subpixels SP
disposed on the panel 110 further includes, for example,
a sensing transistor SENT, in addition to the OLED, the
driving transistor DRT, the switching transistor SWT, and
the storage capacitor Cstg.

[0049] ReferringtoFIG. 2, the sensing transistor SENT
is electrically connected between the first node N1 of the
driving transistor DRT and a sensing line SL through
which a reference voltage Vref is supplied, and is con-
trolled by a sensing signal SENSE, i.e. a type of a scan-
ning signal, applied thereto through a gate node.
[0050] The sensing transistor SENT is turned on by
the sensing signal SENSE to apply the reference voltage
Vref, supplied through the sensing line SL, to the first
node N1 of the driving transistor DRT.

[0051] In addition, the sensing transistor SENT may
be used as one of voltage sensing paths for the first node
N1 of the driving transistor DRT.

[0052] The characteristic sensing circuit 140 receives
a voltage or a current formed on the first node N1, i.e. a
source node, of the driving transistor DRT as a charac-
teristic sensing signal to sense a characteristic value of
the subpixel SP using the received voltage or current.
[0053] FIG. 3A and FIG. 3B are a circuit diagram and
a graph illustrating a characteristic sensing circuit sens-
ing the mobility of the driving transistor using a source
node voltage of the driving transistor.

[0054] When sensing the mobility, a reference voltage
Vrefis supplied to the source node of the driving transistor
DRT, and the gate node is initialized using a data voltage
Vdata+Vth comp for mobility sensing, where Vth_comp
is a voltage added by threshold voltage compensation
performed prior to mobility sensing.

[0055] Afterwards, both the source node and the gate
node of the driving transistor DRT are floated, and both
a source node voltage Vs and a gate node voltage Vg of
the driving transistor DRT are increased.

[0056] Here, a rate at which the source node voltage
Vs increases (i.e. an amount of change in voltage over
time) indicates a current capability, i.e. mobility, of the
driving transistor DRT. The greater the current capability
(mobility) is, the more sharply the source node voltage
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Vs increases.

[0057] The characteristic sensing circuit 140 receives
the source node voltage Vs using a characteristic sensing
signal, which can be converted into digital data to be used
in the data voltage compensation.

[0058] The characteristic sensing circuit 140 can rec-
ognize characteristic values, e.g. a threshold voltage and
mobility, of the subpixels SP using characteristic sensing
signals and can execute a characteristic compensation
using the characteristic sensing signals.

[0059] For example, the characteristic sensing circuit
140 recognizes amounts of change in mobility or differ-
ences in mobility per subpixels, calculates compensation
values to compensate for the amounts of change in mo-
bility or differences in mobility, and then converts image
data using the calculated compensation values.

[0060] In addition, the data driver circuit 130 supplies
data voltages, compensated based on the changed im-
age data, to the subpixels SP.

[0061] Inaddition, when adifference betweenthe char-
acteristic value of any of the subpixels SP and a preset
reference value exceeds a predetermined range, the
characteristic sensing circuit 140 determines that a touch
has been made by the user (i.e. a user touch has been
made) to the corresponding subpixel SP and generates
coordinate data of the subpixel SP.

[0062] FIG. 4 is a schematic view illustrating amounts
of change in the characteristics of subpixels in response
to a touch made by a user (hereinafter also referred to
as a "user touch").

[0063] When the user touches the panel 110, body
heat of the user is transferred to a specific subpixel SP,
sothat the characteristics of the subpixel SP may change.
[0064] In addition, not only the body heat of the user
but also the user touch may change the capacitance of
the subpixel SP. For example, the capacitance of the
transistor or the storage capacitor in the subpixel SP may
be changed. This may consequently cause a change in
the characteristics of the subpixel SP.

[0065] The characteristic sensing circuit 140 may gen-
erate coordinate data of a position touched by the user
by detecting the change in the characteristics of the sub-
pixels SP.

[0066] In general, the characteristics of a semiconduc-
tor device are changed by heat. For example, when heat
is applied to a transistor, the threshold voltage or mobility
of the transistor changes. The characteristic sensing cir-
cuit 140 generates the coordinate data of the position
touched by the user by detecting a change in the char-
acteristics of the transistor or the OLED located in the
subpixel SP, the change in the characteristics of the tran-
sistor or the OLED being caused by the body heat of the
user.

[0067] FIG. 5 is a flowchart illustrating an exemplary
method of detecting a user manipulation by sensing char-
acteristic values of subpixels.

[0068] Referring to FIG. 5, in S500, the characteristic
sensing circuit 140 receives characteristic sensing sig-
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nals from the subpixels SP through the sensing lines SL.
For example, the characteristic sensing circuit 140 re-
ceives source node voltages Vs of driving transistors
DRT.

[0069] In S502, the characteristic sensing circuit 140
calculates characteristic values using the characteristic
sensing signals. For example, the characteristic sensing
circuit 140 calculates the mobility of the driving transistors
DRT using the source node voltages Vs of the driving
transistors DRT.

[0070] In S504, the characteristic sensing circuit 140
generates compensation values using the sensed char-
acteristic values, so that image data can be converted
using the compensation values. Here, the data driver cir-
cuit 130 can generate compensated data voltages using
the compensated image data and supply the compen-
sated data voltages to the subpixels SP.

[0071] When a difference between any of the sensed
characteristic values and a preset reference value ex-
ceeds a predetermined range, i.e. "Yes" in S506, the
characteristic sensing circuit 140 generates coordinate
data of the corresponding subpixel SP in S508. In addi-
tion, in S510, the characteristic sensing circuit 140 trans-
mits the coordinate data to the host controller 150.
[0072] The host controller 150 recognizes a user ma-
nipulation based on the received coordinate datain S512,
and executes a specific function corresponding to the
user manipulation.

[0073] The process illustrated in FIG. 5 can be execut-
ed for each frame.

[0074] FIG. 6 is a schematic view illustrating a display
driving section and a blank section of a frame.

[0075] An image displayed on the panel 110 is con-
verted frame by frame. In the display driving section of
each frame, the data driver circuit 130 updates an image
to be displayed on the panel 110 by supplying the sub-
pixels SP with data voltages converted from image data.
[0076] Each frame may include a blank section in
which a data voltage is not updated. The characteristic
sensing circuit 140 can sense characteristic values of the
subpixels SP in the blank section.

[0077] Since the blank section is shorter than the dis-
play driving section, the characteristic sensing circuit 140
may not sense characteristic values of the entirety of the
subpixels SP located on the panel 110. Thus, the char-
acteristic sensing circuit 140 may sense characteristic
values of specific subpixels among the subpixels SP in
a single frame.

[0078] FIG. 7 is a schematic view illustrating the char-
acteristic sensing circuit sensing the characteristic val-
ues of specific subpixels selected from the number of
subpixels.

[0079] Referring to FIG. 7, the characteristic sensing
circuit 140 can sense characteristic values of specific
subpixels 710 on the panel 110 in a single frame.
[0080] The specific subpixels 710 may be distributed
on the panel 110 to be stochastically uniform. In some
embodiments, to increase the uniformity of distribution,
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the panel 110 may be divided into a plurality of areas,
and specific subpixels may be selected from each of the
divided areas, randomly or according to a predetermined
rule.

[0081] The user touch is generally made by a body
portion of the user, such as a finger, a wide area of which
touches the panel. Thus, the characteristic sensing circuit
140 can recognize a user touch by sensing characteristic
values of one or more subpixels SP located in the area
touched by the user without sensing the characteristic
values of the entirety of the subpixels SP in every frame.
[0082] In addition, the user touch is maintained for a
longer time than the duration of the frame. Thus, even in
the case that there are no subpixels, the characteristic
values of which are sensed in one frame, in the area
touched by the user, it is highly probable that the char-
acteristic sensing circuit 140 will sense the characteristic
values of one or more subpixels SP in another frame.
[0083] When the coordinate data generated by the
characteristic sensing circuit 140 is transmitted to the
host controller 150, the host controller 150 performs a
preset specific function depending on coordinate values
included in the coordinate data.

[0084] In this case, the host controller 150 has specific
functions matched to specific areas, and when coordi-
nate data corresponding to a specific area is received,
executes a specific function matched to the specific area.
The host controller 150 recognizes a user manipulation
only for coordinate data in a predetermined area while
neglecting coordinate data beyond the predetermined ar-
ea.

[0085] The host controller 150 transmits image data
including a guiding message to the data driver circuit 130
to notify the user that the specific functions are matched
to the specific areas.

[0086] FIG. 8is a schematic view illustrating a guiding
image displayed on the panel.

[0087] ReferringtoFIG. 8,aguidingimageisdisplayed
on afirst area 830 adjacent to the right edge of the panel
110.

[0088] The guiding image includes a guide message
and manipulation area images 820, 821, 822, 823, and
824. The manipulation area images 820 to 824 may be,
for example, button images.

[0089] The host controller 150 recognizes a user ma-
nipulation only for coordinate data in predetermined ar-
eas corresponding to the manipulation area images 820
to 824. The host controller 150 processes coordinate da-
ta, transmitted from the other areas, as noise data.
[0090] The areas corresponding to the manipulation
area images 820 to 824 may be matched to specific func-
tions. For example, when the coordinate data of the area
corresponding to the first manipulation area image 820
is received, the host controller 150 turns off power. When
the coordinate data of the area corresponding to the sec-
ond manipulation area image 821 is received, the host
controller 150 changes the broadcast channel (toward
the higher channel number).
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[0091] The first area 830 on which the guiding image
is displayed may be an area of the panel 110 in which
less heat is generated. For example, a power manage-
ment integrated circuit (PMIC) generating a relatively-
large amount of heat is not located in the first area 830.
[0092] The display device 100 may further include a
proximity sensor 810. When the host controller 150 has
detected an object to be adjacent using the proximity
sensor, the host controller 150 transmits image data, in-
cluding the guiding image, to the data driver circuit 130.
[0093] In addition, the host controller 150 recognizes
auser manipulation based on coordinate data only within
a period of time in which the object has been detected
to be adjacent by the proximity sensor.

[0094] Through working in concert with the proximity
sensor, the host controller 150 can reduce a possibility
of a malfunction that would otherwise occur when the
user is not adjacent.

[0095] FIG. 9 is a flowchart illustrating an exemplary
method of recognizing a user manipulation in concert with
the proximity sensor.

[0096] Referring to FIG. 9, the host controller 150 de-
tects a user to be adjacent by the proximity sensor in
S900. After the user has been detected to be adjacent
by the proximity sensor, the following processes are ex-
ecuted.

[0097] When the user has been detected to be adja-
cent by the proximity sensor, in S902, the host controller
150 transmits image data including a guiding image to
the data driver circuit 130, and the data driver circuit 130
displays the guiding image on the panel 110 by supplying
data voltages, converted from the image data, to the cor-
responding subpixels SP.

[0098] In S904, the characteristic sensing circuit 140
senses characteristic values of specific subpixels ran-
domly selected from the subpixels SP in every frame.
The characteristic sensing circuit 140 compares the
sensed characteristic values with a reference value in
S906, and generates coordinate data for a subpixel, a
difference between the characteristic value of which and
the reference value exceeds a predetermined range, in
S908.

[0099] Inaddition,in S910, the host controller 150 rec-
ognizes a user manipulation using the coordinate data.
[0100] The characteristic sensing unit or characteristic
sensing circuit 140 that has been described with refer-
ence to FIG. 1 to FIG. 9 is not limited to a specific inte-
grated circuit (IC) or a specific circuit but may be embod-
ied as a various forms of hardware. For example, the
characteristic sensing circuit 140 may be embodied as a
circuit separately from the data driver circuit 130 or may
be embodied as a form sharing a portion of the circuit
and the processor with the data driver circuit 130. In an-
other example, specific functions of the characteristic
sensing circuit 140 may be integrated with the data driver
circuit 130 to form a data driver, while the other functions
ofthe characteristic sensing circuit 140 may be integrated
with a timing controller. An example for this is described
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below.

[0101] FIG. 10is a configuration view illustrating a dis-
play device according to another aspect of the present
disclosure, and FIG. 11 is a detailed configuration view
illustrating a timing controller illustrated in FIG. 10.
[0102] Referring to FIG. 10, the display device 1000
includes a panel 110, a gate driver circuit 120, a data
driver 1040, atiming controller 1060, and a host controller
150.

[0103] The data driver circuit 1040 can execute all
functions of the data driver circuit 130 that have been
described with reference to FIG. 1.

[0104] In addition, the data driver 1040 receives char-
acteristic sensing signals of subpixels SP through sens-
ing lines SL.

[0105] The data driver circuit 1040 converts the re-
ceived characteristic sensing signals into digital signals
and transmits the digital signals to the timing controller
1060.

[0106] Referring to FIG. 11, the timing controller 1060
includes a driver controller 1110, a coordinate data gen-
erating circuit 1120, and a communications circuit 1130.
[0107] Thedrivercontroller 1110 controls the gate driv-
er circuit 120 and the data driver circuit 1040 by supplying
timing signals to the driver circuit 120 and the data driver
circuit 1040.

[0108] In addition, the coordinate data generating cir-
cuit 1120 measures the characteristic values of the sub-
pixels SP based on the characteristic sensing signals
received from the data driver circuit 1040 and compares
the characteristic values of the subpixels SP with a pre-
determined reference value. The coordinate data gener-
ating circuit 1120 generates coordinate data for specific
subpixels, a difference between the characteristic values
of which and the reference value exceeds a predeter-
mined range.

[0109] The communications circuit 1130 is a compo-
nent transmitting and receiving information to and from
the other components. The communications circuit 1130
receives the characteristic sensing signals from the data
driver circuit 1040 and transmits the coordinate data to
the host controller 150.

[0110] Inaddition, the communications circuit 1130 re-
ceives a set value from the host controller 150 and de-
livers the set value to the coordinate data generating cir-
cuit 1120.

[0111] The coordinate data generating circuit 1120 ad-
justs the predetermined range depending on the set val-
ue received from the host controller 150, wherein the
coordinate data is generated based on the predeter-
mined range. For example, the user can set the sensitivity
of user manipulation recognition, and the host controller
150 transmits the set value of the predetermined range,
determined based on the sensitivity of user manipulation
recognition set by the user, to the timing controller 1060.
In addition, the coordinate data generating circuit 1120
of the timing controller 1060 adjusts the predetermined
range depending on the setvalue, wherein the coordinate
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data is generated based on the predetermined range.
[0112] According to the aspects as set forth above, it
is possible to detect a user manipulation using a touch
made by a user to a display panel in place of using a user
control button physically disposed on a display device.
In addition, according to the present disclosure, it is pos-
sible to detect a touch made by a user to a display panel
without including a touch panel.

[0113] It will be understood that the terms "comprise,"
"include," "have," and any variations thereof used herein
are intended to cover a non-exclusive inclusion unless
explicitly described to the contrary. Unless otherwise de-
fined, all terms including technical and scientific terms
used herein have the same meaning as commonly un-
derstood by a person skilled in the art to which this dis-
closure belongs. It will be further understood that terms,
such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that is con-
sistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.

[0114] The foregoing descriptions and the accompa-
nying drawings have been presented in order to explain
the certain principles of the present disclosure. A person
skilled in the art to which the disclosure relates could
make many modifications and variations by combining,
dividing, substituting for, or changing the elements with-
out departing from the principle of the disclosure. The
foregoing aspects disclosed herein shall be interpreted
as illustrative only but not as limitative of the principle
and scope of the disclosure. It should be understood that
the scope of the disclosure shall be defined by the ap-
pended claims and all of their equivalents fall within the
scope of the disclosure.

Claims

1. A timing controller for a display device including a
plurality of subpixels, comprising:

a driver controller configured to control a data
driver circuit; and

a coordinate data generator configured to com-
pare characteristic values corresponding to
characteristic sensing signals from predeter-
mined subpixels of the plurality of subpixels with
predetermined reference values, and when a
difference between the characteristic value of a
specific one of the predetermined subpixels and
a reference value exceeds a predetermined
range, to generate coordinate data of the spe-
cific subpixel.

2. The timing controller according to claim 1, further
comprising a communications circuit configured to
receive the characteristic sensing signals from the
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data driver circuit and to transmit the coordinate data
to a host controller.

The timing controller according to claim 1 or 2,
wherein the characteristic value includes atleastone
of mobility of driving transistors, threshold voltage of
the driving transistors and threshold voltage of the
organic light-emitting diodes of the predetermined
subpixels.

The timing controller according to any one of the pre-
ceding claims, wherein the predetermined subpixels
are randomly selected from the plurality of subpixels
in every frame, and/or wherein the predetermined
subpixels correspond to a predetermined area.

The timing controller according to any one of the pre-
ceding claims, wherein the characteristic sensing
signals are sensed in a blank section of a frame.

A display device comprising:

a panel on which the plurality of subpixels is dis-
posed;

a data driver circuit configured to supply data
voltages to the plurality of subpixels and to re-
ceive the characteristic sensing signals from the
predetermined subpixels of the plurality of sub-
pixels through a plurality of sensing lines;

a timing controller according to any one of the
preceding claims; and

a host controller configured to recognize a user
manipulation based on the coordinate data.

The display device according to claim 6, further com-
prising a compensation circuit configured to com-
pensate the data voltages to be supplied to the sub-
pixels for changes in the characteristic values of the
subpixels.

The display device according to claim 6 or 7, wherein
each of the plurality of subpixels comprises:

an organic light-emitting diode;

a driving transistor for driving the organic light-
emitting diode;

a switching transistor for supplying a data volt-
age to a gate node of the driving transistor;
and

a sensing transistor connected between a
source node or a drain node of the driving tran-
sistor and one of the sensing lines and config-
ured to be controlled by a sensing signal,
wherein the characteristic sensing signals in-
clude voltages or currents generated on the
source node or the drain node of the driving tran-
sistor of the plurality of subpixels.
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9.

10.

1.

12.

13.

14.

15.

The display device according to any one of the pre-
ceding claims 6 to 8, further comprising a proximity
sensor, wherein the host controller is configured to
recognize the user manipulation based on the coor-
dinate data only within a period of time in which an
object has been detected to be adjacent by the prox-
imity sensor.

The display device according to any one of the pre-
ceding claims 6 to 9, wherein the host controller is
configured to transmitimage data including a guiding
image to the data driver circuit.

The display device according to claim 10, wherein
the guiding image includes a manipulation area im-
age, and

the host controller is configured to recognize the user
manipulation only for coordinate data in an area cor-
responding to the manipulation area image.

The display device according to any one of the pre-
ceding claims 6 to 11, wherein the host controller is
configured to recognize the user manipulation only
for coordinate data in a predetermined area.

The display device according to any one of the pre-
ceding claims 6 to 12, wherein the host controller is
configured to execute a predetermined function
based on the coordinate data.

The display device according to any one of the pre-
ceding claims, wherein the predetermined range is
adjusted based on a value set by a user.

A method for recognizing a user manipulation in a
display device, comprising:

receiving a characteristic sensing signal from a
predetermined subpixel from a plurality of sub-
pixels;

comparing a characteristic value corresponding
to the characteristic sensing signal with a pre-
determined reference value;

when a difference between the characteristic
value of the predetermined subpixel and the ref-
erence value exceeds a predetermined range,
generating coordinate data of the predeter-
mined subpixel; and

recognizing a user manipulation based on the
coordinate data.
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